1. Introduction
===============

Early breast cancer patients usually achieve a favorable prognosis. Yet, a large proportion fail in the modern treatment system. Several studies have revealed that nearly 20% of locoregional recurrence (LRR) rates occurred in T1-2N0 patients with variable risk factors undergoing mastectomy, as compared to the 5.2% incidence described in the entire T1-2N0 population.^\[[@R1]--[@R3]\]^ Thus, recurrence of early stage breast cancer remains a research hotspot.

At present, consensus statements reached by different guidelines recommend postmastectomy radiation therapy (PMRT) for patients with T3 to T4 tumors, ≥4 lymph nodes positive (LN+), 1 to 3 LN+ with risk factors and pectoral muscle or surgical margins invasion. For pT1-2N0 breast cancer patients, PMRT is typically spared unless mastectomy margins are proved positive. Nevertheless, several investigators have suggested that PMRT should be considered if patients with T1-2N0 disease have risk factors (such as tumor size ≥2 cm, close margins, premenopausal status, lymphovascular invasion, triple-negative, etc.),^\[[@R2],[@R4],[@R5]\]^ of which risk was comparable to or even higher than that with 1 to 3 positive nodes. Therefore, identifying the high-risk subgroup from pT1-2N0 patients that may potentially benefit from postoperative radiotherapy is a common goal of several researchers.

This retrospective analysis is aimed at establishing a risk scoring system for early breast cancer patients treated with mastectomy through assessment of each independent risk factor. The distinction between different risk stratifications based on the scoring system might provide further evidence for individualized therapy.

2. Methods and materials
========================

2.1. Patients
-------------

From January 2001 to February 2008, a total of 353 lymph-node-negative (LN−) invasive breast cancer patients undergoing either radical mastectomy or modified radical mastectomy without adjuvant radiotherapy at our institute were identified through the breast cancer database. Of these patients, 161 had T1 disease and 192 had T2 disease according to the seventh edition of the American Joint Committee on Cancer criteria. Patients with neoplastic spread elsewhere in the body at the first detection of breast cancer were excluded. Our study group had neither neoadjuvant therapy nor history of other primary malignancies.

Variables used for analysis, including age, pathological tumor size, menopausal status, primary tumor location, nipple involvement, number of nodes removed, systemic therapy, pathological characteristics such as histological type, lymphovascular invasion, estrogen receptor (ER), progesterone receptor (PR), human epidermalgrowth factor receptor-2 (HER-2), and Ki-67 status, were obtained from electronic medical records. Expressions of ER and PR in primary breast cancer were ascertained by immunohistochemistry (IHC). ER or PR negative was defined as \<1% immunoreactive cells, in accordance with recent guidelines. HER-2 positive was defined as IHC (++ to +++), based on the relevant literature.^\[[@R6]\]^ This study was approved by the Ethics Committee of Fujian Cancer Hospital (YKT2016-021-01), in accordance with the Helsinki Declaration.

2.2. Treatments
---------------

A total of 226 cases received adjuvant chemotherapy regimens (anthracycline or taxane) ≤4 cycles, and 127 cases \>4 cycles. Median cycle was 3 (range, 0--7). Patients with ER or PR+ took at least 5-year adjuvant endocrine therapy with tamoxifen or aromatase inhibitors unless contraindicated or intolerant.

2.3. Follow-up
--------------

Follow-up data including the local and (or) regional recurrence, distant metastasis and survival of the patients were recorded from medical records and telephone interviews from the date of diagnosis to February 2015 or the date of death. After exclusion of 2 patients who were lost to follow-up, a total of 353 patients with complete data were evaluated.

2.4. Statistical analysis
-------------------------

The observation endpoints included overall survival (OS) (defined as the survival time from surgery to death from any cause), locoregional recurrence-free survival (LRFS) (defined as the time from surgery to pathologically confirmed LRR), and disease-free survival (DFS) (defined as the time from surgery to recurrence, distant metastasis, or death). LRR occurring simultaneously with distant metastasis was considered as an LRR event, but patients who had distant metastasis before LRR were excluded.

The prognostic factors were screened by Kaplan--Meier univariate analysis, and the survival curves were compared using log-rank test. In particular, the cutoff point of tumor size affecting survival was determined by Cutoff Finder application.^\[[@R7]\]^ Total risk scores were initially derived using Cox proportional hazards model according to beta regression coefficient, after dividing T1-2N0 breast cancer cases into different groups (score, 0--4). All statistical analyses were performed by IBM SPSS version 19.0, Chicago, IL. Any difference was considered to be statistically significant if *P* was \<.05.

3. Results
==========

3.1. Survival and relapse features
----------------------------------

Median follow-up was 115.7 months (range, 1.2--238.4 months). A total of 49 patients died during the follow-up period, of which 4 died of causes unrelated to tumors and 45 died of breast cancer. The disease progressed in 74 cases, of which 35 developed distant metastasis. LRR was observed in 39 patients, of which 21 had isolated LRR and 18 had both LRR and distant metastasis. Chest wall was found to be the most common site of LRR (21/39, 53.8%), followed by supraclavicular nodes (19/39, 48.7%). Overall prevalence and location of LRR are outlined in Table [1](#T1){ref-type="table"}.

###### 

Prevalence and location of locoregional recurrence over the entire follow-up period.
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3.2. Effect of local recurrence on survival
-------------------------------------------

The 5-year LRFS, DFS, and OS for entire cohort were 89.8% (95% confidence intervals \[CI\] = 86.7%--92.9%), 81.0% (95% CI = 76.9%--85.1%), and 90.0% (95% CI = 86.9%--93.1%), respectively. The 5-year OS of patients with LRR was 61.3% (95% CI = 44.3%--74.5%) versus 93.5% (95% CI = 90.8%--96.2%) without LRR, with statistically significant difference (χ^2^ = 93.384, *P* = .000) (Fig. [1](#F1){ref-type="fig"}).

![Kaplan--Meier OS (overall survival) of patients with or without recurrence. The 5-year OS of patients with LRR (locoregional recurrence) versus without LRR showed statistically significant difference.](medi-96-e7343-g002){#F1}

3.3. Effect of tumor size on survival
-------------------------------------

The results of cutoff point determination for primary tumor size indicated that 4.5 cm was the optimal point, which was supported by multiple methods of Cutoff Finder. The details are shown in Figures [2](#F2){ref-type="fig"} and [3](#F3){ref-type="fig"}. The 5-year LRFS (65.0% vs 91.3%), DFS (57.9% vs 82.4%), and OS (72.8% vs 91.0%) were significantly different between ≥4.5-cm group and \<4.5-cm group (*P* = .000, .016, and .019, respectively), as seen in Figure [4](#F4){ref-type="fig"}.

![Distribution based cutoff optimization (independent of outcome and survival data) in the T1-2N0M0 breast cancer data. (A) Histograms of primary tumor size in 353 node-negative T1 to T2 breast cancer cases. Vertical line (red line) designated the optimal cutoffs derived from the survival-based model. (B) Waterfall Plot of the optimal dichotomization. The classification using tumor size status and the optimal cutoff was compared to the event of locoregional recurrence result.](medi-96-e7343-g003){#F2}

![Cutoff optimization by correlation with survival in the T1-2N0M0 breast cancer data. (A) The odds ratio including 95% confidence interval (CI) is plotted in dependence of the cutoff. A vertical line designates the dichotomization showing the most significant correlation with locoregional recurrence (LRR). (B) The hazard ratio including 95% CI is plotted in dependence of the cutoff. A vertical line designates the dichotomization showing the most significant correlation with LRR. The distribution of tumor size in the 353 tumors is shown as a rug plot at the bottom of the figures.](medi-96-e7343-g004){#F3}

![(A) Kaplan--Meier locoregional recurrence-free survival of patients with tumor size \<4.5 versus ≥4.5 cm. (B) Kaplan--Meier disease-free survival of patients with tumor size \<4.5 versus ≥ 4.5 cm.](medi-96-e7343-g005){#F4}

3.4. Univariate analysis
------------------------

In univariate statistical analysis (Table [2](#T2){ref-type="table"}), age ≤40 years (*P* = .023), primary tumor size ≥4.5 cm (*P* = .000), and number of nodes resected ≤10 (*P* = .012) were found to be prognostic factors of LRFS in patients with early breast cancer after radical mastectomy. Chemotherapy, tumor size, and number of nodes resected were prognostic factors of DFS (*P* = .020, .016, and .000, respectively). Tumor size, number of nodes resected, and molecular subtypes were prognostic factors of OS (*P* = .019, .001, and .017, respectively). However, menstrual status, lymphovascular invasion, primary tumor location, pathology, history of benign breast disease, ER status, chemotherapy cycle, expression of HER-2, endocrine therapy, and nipple involvement had no effect on 5-year LRFS, DFS, and OS in the whole group (*P* \> .05). The effects of age and number of nodes resected on survival are shown in Figures [5](#F5){ref-type="fig"} and [6](#F6){ref-type="fig"}.

###### 

5-Year locoregional recurrence-free survival, disease-free survival, overall survival with regard to patient, tumor, and treatment characteristics.
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![(A) Kaplan--Meier locoregional recurrence-free survival of patients with age \>40 versus ≤40 years. (B) Kaplan--Meier disease-free survival of patients with age \>40 versus ≤ 40 years.](medi-96-e7343-g007){#F5}

![(A) Kaplan--Meier locoregional recurrence-free survival of patients with number of nodes resected \>10 versus ≤10. (B) Kaplan--Meier disease-free survival of patients with number of nodes resected \>10 versus ≤10.](medi-96-e7343-g008){#F6}

3.5. Multivariate analysis with Cox proportional hazards model
--------------------------------------------------------------

By incorporating the LRFS-relevant factors into Cox proportional hazards model and using the likelihood ratio test, we found that age ≤40 years (hazard ratio \[HR\] = 1.936, 95% CI = 1.023--3.644, *P* = .042), primary tumor size ≥4.5 cm (HR = 4.007, 95% CI = 1.761--9.115, *P* = .001), and number of nodes resected ≤10 (HR = 2.052, 95% CI = 1.013--4.157, *P* = .046) were independent factors for poor prognosis of LRR (Table [3](#T3){ref-type="table"}).

###### 

Multivariate analysis of risk factors for locoregional recurrence-free survival.

![](medi-96-e7343-g009)

Furthermore, tumor size (HR = 2.249, 95% CI = 1.077--4.698, *P* = .031) and number of nodes resected (HR = 3.089, 95% CI = 1.885--5.062, *P* = .000) were identified as independent prognostic variables of DFS. And among those variables affecting OS, number of nodes resected (HR = 2.389, 95% CI = 1.284--4.442, *P* = .006) and molecular subtype were independent prognostic factors, based on the multivariate analysis. Triple negative status (HR = 2.969, 95% CI = 1.258--7.012, *P* = .013) was recognized as a poor prognostic indicator with respect to OS. The results are shown in Tables [4](#T4){ref-type="table"} and [5](#T5){ref-type="table"}.

###### 

Multivariate analysis of risk factors for disease-free survival.
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###### 

Multivariate analysis of risk factors for overall survival.
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3.6. Establishment of risk scoring system and comparison of prognosis based on risk stratifications
---------------------------------------------------------------------------------------------------

Weighing each risk variable (to express its relative importance) by beta regression coefficient and Exp (B) (derived by Cox model), age ≤40 years, primary tumor size ≥4.5 cm and number of nodes resected ≤10 were assigned values of 1, 2, and 1, respectively. As shown in Table [6](#T6){ref-type="table"}, the total score was derived by addition of the individual scores of all significant parameters, and 2 risk stratifications were consequently defined (low risk: total score \<2, high risk: total score ≥2).

###### 

Risk scoring system.
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Comparisons of prognosis based on risk stratification were as follows: 316 cases with low risk (score \<2), 37 cases with high risk (score ≥2). The 5-year LRFS was 91.6% (95% CI = 88.5%--94.7%) with low risk and 75.7% (95% CI = 61.8%--89.6%) with high risk, respectively (χ^2^ = 7.544, *P* = .006). In addition, significant differences in OS (*P* = .045) and DFS (*P* = .019) were seen between them (Fig. [7](#F7){ref-type="fig"}).

![(A) Kaplan--Meier locoregional recurrence-free survival of patients with low risk versus high risk. (B) Kaplan--Meier overall survival of patients with low risk versus high risk. (C) Kaplan--Meier disease-free survival of patients with low risk versus high risk.](medi-96-e7343-g013){#F7}

4. Discussion
=============

This is one of the few studies focusing on the potential value of PMRT for pT1-2N0 patients with multiple risk factors. The study has identified age ≤40 years, primary tumor size ≥4.5 cm and number of nodes resected ≤10 as independent risk factors of LRR among pT1-2N0 patients. In addition, risk stratifications based on the scoring system revealed 5-year LRFS of 91.6% (95% CI = 88.5%--94.7%) with low risk (score \<2) and 75.7% (95% CI = 61.8%--89.6%) with high risk (score ≥2), respectively (χ^2^ = 7.544, *P* = .006). This outcome might help to screen high-risk pT1-2N0 patients who could benefit from PMRT.

Previous meta-analysis had shown that the OS rate can remarkably benefit from the reduction of LRR rate for early breast cancer.^\[[@R8]\]^ Therefore, the local control has become critical for preventing treatment failures. An overview of 36 randomized trials from Early Breast Cancer Trialists' Collaborative Group has reported a highly statistically significant 2/3s reduction in LRR for early breast cancer patients with PMRT (6.7% vs 19.6%, *P* \< .001).^\[[@R9]\]^ In addition, a few trials have demonstrated that subgroups of pT1-T2N0 patients with specific prognostic factors were at higher risk of LRR.^\[[@R1],[@R3]\]^ The 10-year LRR for this subgroup with multiple poor risk factors was about 14% or even higher than those with 1 to 3 nodes metastasis.^\[[@R10]\]^ But there is still no consensus on the risk factors of LRR for pT1-T2N0 patients. Herein, we tried to establish a new scoring system to identify the risk subgroup.

Primary tumor size is thought to be associated with increased LRR rates in LN−breast cancer. But the cutoff point of the tumor size in multiple investigations is variable, including 4, 3, 2.5, and 2 cm, and so on, and patients with larger size tumors showed worse prognosis.^\[[@R11]--[@R14]\]^ Katz et al^\[[@R10]\]^ reported that 10-year LRR risk for patients with primary tumor size \>4 cm was \>20%. Similar results were found in our study. Furthermore, 4.5 cm was found to be the cutoff point of tumor size. The results had shown that the 5-year LRFS for patients with tumor size \<4.5 cm was better than those with ≥4.5 cm (91.3% vs 65.0%, *P* = .000).

Number of lymph node dissection has prognostic value for breast cancer patients. Insufficient lymph node dissection in T1-T2N0-1M0 stage cases might underestimate the postoperative lymph node stage.^\[[@R15]--[@R17]\]^ Some researchers believed that the number of lymph node dissection \<6 was associated with a poor prognosis,^\[[@R18]\]^ while extensive and excessive dissection might increase the risk of subcutaneous dropsy, lymphorrhagia, upper limb lymphedema, and other postoperative complications. However, there is no consensus on the number of dissected lymph nodes. Katz et al^\[[@R10]\]^ stated that LRR was much higher for patients with axillary lymph node dissection number \<10 than those ≥10 (24% vs 11%, *P* \<.02). Salama et al^\[[@R19]\]^ also reported 10% to 15% decreased DFS rate for axillary lymph node dissection number \<10 than those with more extensive dissection. In our study, the 5-year LRFS for patients with axillary lymph node dissection number ≤10 was lower than those \>10 (79.0% vs 91.8%, *P* = .012), which is consistent with previous studies.

With the onset age of breast cancer trending younger, cancer invasiveness in young patients is stronger than in older.^\[[@R20]\]^ Jwa et al^\[[@R21]\]^ reported 307 patients with pT1-2N0 breast cancer and found that LRR for age \<50 years was 11.4 times as high as those aged ≥50 years. Sharma et al^\[[@R16]\]^ also reported similar results in recent years. A total of 1019 patients with early breast cancer were analyzed. Age was found to be the only independent adverse factor (HR = 2.41, 95% CI = 1.28--3.56, *P* = .004), and the 10-year LRR for age ≤40 years was significant higher than those aged \>40 years (11.3% vs 1.5%, *P* \< .001). Multivariate analysis in our study also showed that age was the prognostic factor of LRFS and significantly higher risk of relapse was observed in age ≤40 years subgroup (83.8% vs 92.0%, *P* = .023).

Some researchers believed that the molecular subtype might be a prognostic factor for LRR.^\[[@R22]\]^ Liu et al^\[[@R23]\]^ analyzed prognostic factors in axillary LN−patients and showed that the molecular subtype was an independent prognostic factor for LRR. HER-2 overexpression and triple-negative subtype had a poor prognosis, while luminal A and B is better. Gonzalez-Angulo et al^\[[@R24]\]^ also indicated that the 5-year LRFS significantly differed between HER-2 positive subset and negative subset in T1abN0M0 patients (77.1% vs 93.7%, *P* = .002). Herein, we have shown that molecular subtype had little effect on the 5-year LRFS (*P* = .295) and DFS (*P* = .131), while 5-year OS was significantly different between different subgroups (*P* = .017). The 5-year OS of triple-negative type was 76.7%, which was the worst. So, our results also suggested molecular subtype as an important prognostic factor.

Synthetically, T1-2N0 breast cancer patients were heterogeneous. Therefore, identification of higher risk LRR subgroup would be important for postoperative treatment options. While a few investigators had attempted to predict the recurrence risk after surgery by combining various prognostic factors,^\[[@R1],[@R25]\]^ no consensus was reached. In addition, most previous researchers had tried to distinguish low-risk from high-risk subgroup by simply adding the number of independent risk factors together, which might ignore the relative importance of each risk factor. Our study not only identified independent risk factors for LRR but also assigned a value to each risk variable according to its relative importance, which made the risk scoring system more effective. Based on our scoring system, the 5-year LRFS was significantly different between the low-risk and high-risk subgroup (91.6% vs 75.7%, *P* = .006).

Similar to other retrospective studies, there are some limitations in this study. As a single-center retrospective clinical research, we have enrolled all 353 eligible cases in our institution and evaluated them as thoroughly as possible. But the more comprehensive study was still restricted by the limitation of samples. Besides selection bias of case and treatment method, accurately addressing the expression of Ki-67 as well as others is difficult when some Ki-67 expression data is missing.^\[[@R26]--[@R28]\]^ Furthermore, it will be more convincing if prospective trials are designed to verify the benefits of our risk scoring system. Longer follow-up is also necessary to evaluate the value of PMRT for the high-risk subgroup.

In conclusion, we have evaluated long-term survival outcomes and identified risk factors affecting prognosis in cases with T1-2N0M0 breast cancer. In addition, a new scoring system was established to identify the higher risk LRR subgroup. Further verification of this scoring system might not only ensure that the high-risk subgroups have access to effective postoperative radiotherapy but also help the low-risk patients to avoid unnecessary radiation and financial burden.

Abbreviations: CI = confidence interval, DFS = disease-free survival, ER = estrogen receptor, HER-2 = human epidermalgrowth factor receptor-2, HR = hazard ratio, IHC = immunohistochemistry, LN− = lymph nodes negative, LN+ = lymph nodes positive, LRFS = locoregional recurrence-free survival, LRR = locoregional recurrence, OS = overall survival, PMRT = postmastectomy radiation therapy, PR = progesterone receptor.
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